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EXPLOSICNS OF GAS LAYERS IN A ROOM SIZE CHAMBER

I G Buckland*

The effect of layer depth, vent diaphregm size and
strength, and ignition source on pressures produced by
deflagrations of buoyant layers of stoichiometric mixtures
of methane in =2ir in a 27 m3 cubical chamber ape reported
and their practical application discussed.

INTRODUCTION

The piping of flammable gas under pressure into both industrial and domestic
structures introduces the possibility of escape of this gas into the structure,
with the possible formation of explosive mixtures with air.

It ie not the intention of this paper to quantify this risk, but it may be
helpful to refer to some recent statistics from Fire Brigade reports of gzs
explosions. In 1976 there were 202 mains (natural gas) explosicns in
industrial and domestic buildings in the UK (excluding Northern Ireland),

In the last 11 months of 1577 the figure was 159, On the basis of previocus
statistics, Chandler 1 , at least 50 per cent caused structurzl damage tc¢ the
room of origin, of which 20-30 per cent cause damage outside the room and
10-20 per cent of these damage outside the buildirng.

The fact thet explosions do occur clearly demonstrates that natural gss
does mix with air to form explosible mixtures; but whether these mixtures
completely fill the rooms of origin, exist as laysre extending down from the
roof or ceiling or @re sandwiched bheiween fuel rich and lean mixtures depends
upor: many factore which are discussed in section 2.

This paper presents work carried out at the Fire Research Station teo
determine the pressures generated by explosions of explosible natural gas/air
mixtures present zs buoyant layers on air in =en average roorm-sized giructurs
(27 m3). The work forma psrt of a larser programme studying explosions of hydro—
carbon gas/air mixtures in single and interconnected rooms, the explosible gas
mixture either ccompletely filling the room, or partially so 28 a layer.

*I'ire Regearch Station, Building Resesrch Establishment, Borehamwood, Herts.
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Tris paper concentrates on the effect of vent area and vent covering
materizl; and the number and position of ignition sources on the explosion
pressures resulting inside the chamber, partially filled with
different volumes and concentrations of quiescent explosible methane gas
mixtures,

FEASIEILITY OF EXPLOSIEIE GAS MIXTURE LAYER FORMATION

This can be approached by ccusidering the main possible types of accidental
leaks of preesurised gas that czn occur, these are:

a. Leak at roof lewvel
b. Leak at floor level

Clearly these are the two extreme possibilities and leaks beiween the roof
and floor levels will display characteristice of both types discussed below,

2. Teak 2t Hoof Lewel

Thie vill be ccnaidered initially, as it is perhaps the simplest to
understand, The bucyant gas, methane leaking irto a room will mix with
and/ar dieplace air depending on the flow rate of the gas. For example, in
work reported by Birch et al 2 , the leakage rate from an open ended 13 mm
dia gas pipe was taken as 2.4 x 10-2 m3/e.  Work by Leach and Bloomfield 3
enables an estimation to be made of the methane concentration for this leakage
rate, dependirg upon the cress sectional area of the room, Tsking a typical
room arez of 10 m?, & layer will be formed at the ceiling of about 100 per
cent methans, its depth dependent on the durstion of the leak. The interface
between 100 per cent methane and pure air would however remain constant at
abou§ 600 mm, of which about 50 mm will be in the flammeble region (5-15 per
cent ).

4 “ower leakage rate will lead to the formaiion of deeper Tlammable
regions. For example a flow rcte of 0.25 x 10— m3/é, over 10 m¢ roof area
gives 2 100 mm deep explosible me%hane/air layer.

b. Leak at Floor Level

The leak can be congidered to be initially & momentum plume, a2s the ge&s
ie under pressure, but it will eventually become buoyant. Work by ILong 4 allows
the estimation of the distance from the lesk when this occurs and Birch's
caloulation 2 of the concentration of methane at this trangition point.

Corsidering methane gas discharging from & 13 mm dia pipe at 18 m/s,
transition from a momentum plume to & buoyant plume is complete 2 m from the
gource of thke leak. The maximum concerntration &t this point is 3.8 per cent
by volume (average 2.3 per cent over the plume cross secticnal area 0.3 mZ).

Lccording to the model proposed by Baines and Turner 5 & buoyaui plume,
ir. this case methane/air, will spread out at the c¢ziling, displacing air and
ir time thie layered methane/air mixture will be entrained into the plume,
ircreasirg the concentration of methane. A& layer of explosible methane/air
mixture will therefore bhe formed, although the depth is not easily forecast as
it will vary as the input of gas contirues and ie & function of ithe gas leak
veloeity,
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In the two cases discussed, it can be postulated with some certainty that
explosible methane/air mixtures can exist in rooms &s layers assuming draught-
free conditionz. However it is likely that in practice draughts will be
present . These will promote mixing of the gas mixture tending to produce a
homogeneous mixture, the draughts of air also acting as s diluent for the
methane, For example a domestic fan will produce & homcgeneous mixture in an
average eized room (20 m3) in less than half an hour.

Draughts of air into & room will be balanced by the sxit of air or a
gas/air mixture from the room, if it is not to become pressurised. If the
diluent effect of the air draughts balances the gas lezak a steady state will
be reached, The presence of any opening in the room, eg air bricks, 'open'
windows end deors can facilitate the formation of a gas/air mixture layer with
a gsharp ocut off from the air below 3 .

Which of the many situations described predominates is for the purposes
of this work unimportant, as they are all possible., The possibilities for
the formation of explosible gas layere are clearly established, The
experimentes described in this paper were intended to iuvestigate the meast
ornerous conditions in respect of methane concentration, hence layers of
stoichiometric (10 per cent by volume) mixtures were used.

PRELIMINARY EXFERIMENTAL WORK

Tre explosion characteristics of layers of methate/air mixtures have not
apparently been studied before in detail, although there 1is a limited amount
of work reported by Astbury et al 6. A series of preliminary experiments were
therefore carried cut in crder to define the most onercus conditicns in terms
of explosion pressures developed.

The explosion experiments were carried out in & single chamber 3.7 m long
x¥ 3.0 m wide x 2.4 m high, provided with a full width opening, extending
downwards from the roof, in one of the 3 x 2.4 m walls. A weak vent covering
of 0.05 mm thick polyethylene film was hermetically sealed around the esdges of
the wall containing the went for all went sizes examined.

The gas[air mixture at the selected concentration was intraduced at raof
level at a rate that allowed a layer to be formed displacing air through
valves situated 0.5 m above the bottom of the chamber. Layering was =2ecom—
plished by use of four 00 mm diffusers which allowed a fairly large gas/air
volume input rate o be used, their large surface area ensuring a low linear
veloecity which favours layer formation. Table 1 gives the typical volume
input rates and their reepective linear velocities for the varicus lsyer
depths used and irdicates that 0.31 m below the rominal layer depth the
methane concentration is approaching its lower explosible limit (LEL) value
(5 per cent by volume). The nomingl layer depth is defined as the lowest
deptk from the rcof to which 95 per cent of the desired methans concentration
extends. Samplee of the gas mixture were remotely drawn from various depths
in the chamber and aralysed automatically by gas chromatography, The
analysis system hes been fully described by Butlin et al elseshere 7T .

The layers of expl:sible-gas/air mixtures were ignited by 2 number of
different ignition sources described below and the resultant pressure pulses
bath inside and outside the chamber measured as gauge pressures (not absclute)
Y% piezo-electric pressure transducers. The signals from these were ampli-
fied and recordsd 2= a voltage time function by (i) photographing an cscille=
scope trace and (ii) direct megnetic recording using an FI <ape recorder.
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The explosion tests were grouped into seis examining the effect of the
variation of one of the following parameters:

a. Ignition source (type and position)
b. Vent size and explosible gas mixture layer depth
¢, Concentration of gas/air mixture.

. Ignition Source (type and position)

Frevious workers, for example Cubbage and Simmonds & , found that igniticn
at the cenire of an homogenecus expleosible gas/air mixture produced the highest
pressures in a vented cubical chamber. In this situstion the flame travels the
furtheet diatance before guenching cccurs at the chamber walls. However
explosions of buoyant layers of gasfair mixtures were found to generate the
highest pressures when ignited, at the bottom of the layer, at the centre of the
wall most remote from the vent, by a single spark of theoretical energy 30 mJd.
The reagons for this behavicur are not fully understood, bui it 1s due, in part
at lezst, tc the fact that cooling of the flame by that part of the secondary
layer of methane/air mixture whose valus is below the LEL, but nevertheless may
comtritute towards the heat of combustion, would be substantially less than that
caused by szolid walls. Initiation of the explosion at a location most remote
from the vent enables the flame to accelerate over z greater dietance to the
vent than is possible with ignition in the centre of the layer.

The wvariation of pressures for gifferent localions of the =single spark
1gnition scurce is showa in Table 2, where Py 1s the pressure at which the
chamber was vented and Pm the maximum pressure recorded. Igmtion close to the
vent gave lower pressures, partly due to the thermal destruction of the vent
covering material allowing premaiture discharge of hot burnt gases through the
vent, thus abating their contritution to the explosion pressure. The other
cause of low pressure from ignition close to the vent has been discussed by
Rasbash and Rogowski § : the venting of burnt gss behind the flame front
minimizes the effect of the ewpansion of burnt gas on the motion, and
compression, of the unturnt gas ahead of the flame front.

The use of multiple igmiticn sources, including ignifercus fuses* resulted
in lower pressures tharn those achieved with a single spark at the location most
remote from the vent. However, the use of multiple ignition sources in the
ceometric centre of the layer (middle of the layer, equi-distznce from the walls
¢f the chamber) resulted in highsr pressures than were recorded with a single
gpark at that lozation: at 1.22 m (L = 0.5) from the roof 7.6 kIl m—< compared
to 5.5 kE m~2 and st 0.61 m (L = 0.25) from the roof £.2 kN m—2 compared to
3.5 kN -2, The use of multiple ighition sources at the geometric centre of
the nominal lzyer also produced higher pressures than use of these sources
remote from the vent.

It is generally considered from cine records of explosions that high energy
ard/cr muliiple ignition sources will cause turbulent combustion, which in
nomogeneous mixtures resulte in higher flame speeds, rates of pressure rise and
maximum pressures. Although this appears 1o be the case for central ignition
in layers, 1t is considered that the local turbulence created by multiple
iznition sources at the bottom of a nominal layer causes some mixing with the
lean gnd sub LEL mixture below that layer, tending tec slow down the rate of
combustion. This effect will tend to be greater the further the flame has 1o

*These are commercizlly available devices which scatter a number of minute
burming pariicles, each capable of igniting a2 flammable gas/air mixiure,
substanizzlly within an ineluded angle of sixiy degrees up 10 a distance of
about half metre.
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travel to the vent; mixing will be minimal with a small single spark ignition
source.

b, Vent Size and Explosible Gas/Air Mixture Layer Depth

Decrease in the vent ares gave rise to higher pressures when all other
experimental parsmeters were held constant. The pressure at which the chamber
vernted, Pv , remained constant due to the method of fitting the vent covering
material. The increase in maximum pressure, Pm was found to be linear with
decrease in vent aresa (defined as K values) from K=2 to K=8 for constant volumes
of explosible gas/air mixtures as bucyant layers (Fig.1). This agrees with
cther workers as reported by Rogowski 10 and further work that has been
carried out st FRS with homogencus explosible gas/air mixture-filled chambers.

The effect of increasing the explosible gas mixture layer depth for a
particular vent factor K was also investigated (Fig.2)., The physical model of
this relationghip cannot be proposed at this stage, but an empirical correlation
can be developed which must satisfy a number of conditions — it should
reasonably predict the 'full' chamber pressure (although there are difficulties
with ignition location) and should predict zero pressure at zero L . The
correlation would be expected to be of the form

Pm(L) = f(Fm(F)r L, ﬁ}

whnere Pm{L) is the maximum pressure from a given layer

Pu(F) is the maximum pressure from the full chamber and is itself a
function of Pv and X

¢ iz related toc the stoichicmetry.

One cen write a simple correlation for 10% v/v gas in air mixtures
Pu(L) = Pn(F) LB (1)

for the data (Fig.2) the test fit is given by

Pn(L) = 11.4 1°°7 (2)

the eguation predicting the data within 10%.

Subszeguent work to be reported elsewhere, carried out with a chamber filled
with = homogensous etoichiometric methane/air mixture indicates that this
relaticnship is valid, though can overesiimate the pressure for any particular

zyer depth by up to 10%. The eguation presented is for pressures obtained with
the ignition source located at the nominal layer depth remote from the vent, but
1t can reasonably be used to predict pressures at whatever depth the ignition
source is located provided it is remote from the vent.

c. Explosgitle Gas/ﬂir Mixture Concentration

Thiz area of work was carried out with an igniferous fuse located remote
from the vent &t ihe rominal layer depth. The igniferous fuse was required to
ensure ignition of the non stoichiomeiric gas mixtures. The results presented
in Ta¥le ® =nd Fig.3 show that a marked reduction in maximum explosion pressure
ocours 1 the concentration of natural gas (methane) in 2 mixture with air
deparis from the stoichiometric walue (ie 10 per cent). MNote that the pressures
are less for 10 per cent by volume methane in air than those recorded
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with a single spark ignition due to the reasons discussed in section a.

The differences in explosion pressures resulting from different methane/
air concentrations indicate the large variations that can be expected in forces
generated by explosions in buildings. From the statistics of gas explosions
quoted earlier in this paper and elsewhere 1 , it would appear that the
majority of explosions (c.70 per cent) that do not cause structural damage but
only minor damage such as broken windows and plasterbeoard, are due to explosions
of either fuel rich or lean mixtures, some of which must exist as layers.
However it should be noted that fuel rich mixtures burn for relatively long
periods, ie several seconds, which can cause the ignition of certain combustible
items, eg wood, fabric and synthetic foam. The wood surround of the vent was
actually ignited in experiments carried out with fuel rich mixtures.

EXPERIMENTAL WORK WITH HEAVIER VENT COVERING MATERTALS

Most industrial and domestic structures can withstand only fairly low pressures
without structural damage. Typical pressures which have been found to cause
actual structural damage to different building components are given in Tables

4 and 5.

It is not only the magnitude of pressure that is important, but also the
ratio of the frequencies of the pressure fluctuations to the natural frequency
of the structural element; this ratio determines the response of the element
to a pressure pulse and the pressure it will actually experience. This has
been discussed by Dragosavic 12 who describes the following categories:

i) if the freguency of the pressure pulse is less than the resonance
frequency of the structural element, the amplitude of the loading
is effectively equivalent to static loading

ii) if the frequency of the pressure pulse is about egqual to the
resonance frequency the structural element will experience an
equivalent static loading greater than the actual pressure pulse.
If the freguencies are egual, the static pressure loading is
equal to times the pressure pulse

iii) if the frequency of the pressure pulse is greater than the
resonance frequency, the pressure wave is partially absorbed,
the structural element experiencing a lower static pressure
loading than the amplitude of the pressure pulse.

Some typical resonance frequencies of structural elements are given in
Table 6, though clearly some variation can be expected, along with the
frequency of pressure pulses from methane/air explosions and blast waves,
indicating that the former falls into Dragosavic's category (i) and the latter
in category (iii). This indicates that the pressures given for structural
failure in Table 4 should be less for methane/air deflagrations.

From the pressure values shown in Tables 4 and 5, it can be seen that
structures can be damaged by relatively low pressures. Therefore there is a
need to equip structures in which explosions may occur with vents which
fracture at a pressure lower than that which will cause structural damage and
offer a vent area sufficient to prevent subsequent pressure peaks capable of
causing structural damage.

It is apparent that, for most structures, maximum pressures should be held
below about 21 kNN m=2, therefore practical vent covers should fracture at
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pressures that do not allew the exploeion pressure to exceed this figure and
zre not so fragile that they fracture by wind pressure, The preliminary
experiments reported abowve were carried out with 0.05 mm thick polyethylene
vent coverings, Maximum pressures were low <14 kN m'2, but the vent cover-
ing was much too fragile, fracturing at 0.7 kN m'z, to be considered for
industrial and domestic use.

In the second s}age of the work, vent coverings were used that burst be-
tween 7 and 14 kN m™*“. The study was not exhaustive, being limited to selsc-
ted layer depths, but it deoes illuetrate, guantitatively, the use of such
materials as vent covers for practicel explosion reliefs,

The experimental conditions, cell dimensione, mode cof layer formation and
measurerent transducers etc were the same as for the preliminary work
{section 3) except that the vent covering material was held in a frame coverig
only half of the wall area containing the vent. From the preliminary work,
the most onercus conditions had been found to arise with nominally stoichio-
metric methane/air mixtures, ignited by a small spark (about 30 ml)in the
centre of the wall most remote from the wvent, and a2t the bottom of the layer.

It was therefore decided to empley these conditions to study the effect of
layer depth on maximum explosion pressures with different size vents and vent
covering materialas.

Pressures from the ignition of buoyant 1.5 m(L = 0.63) deep layers of
stoichiometric methanejéir mixtures in the chamber eguipped with K=Z went,were
quite similar for 21l vent materisls tested (Table 7).

It is interesting that the second pressure pesk was not the maximum for
the twe materials having the highest bursting pressures tested and one can
conclude that with this layer depth and type of ignition the vent covering
materials that burst sbout 7 kN m—2, with a vent area (X=2) will prevent the
pressure rising substantially above 7 kN m2,

Subsequent experiments with these went materials were carried out with a
K=4 vent and a buoyant 0.91 m (L = 0.38) layer of nominally stoichiometric
methane fair mixture, the results of which are summarised in Table 8. The
results show the expected increase in maximum pressure compared to those pres-
sureg recorded using & K=2 vent. However the differences in pressure recorded
for different materiale (and layers of material) for vent covering, although
statistically significant, were not so in terms of their likely effect as
pressure pulses on concrete and brick structural elemente,

Furthér work carried out with a buoyant 1.2 m (L = 0.5) layer of explos-
ible gas mixture again did not show any significant difference in the ex—
plosion pressure resulting from the use of different vent covering materials
(Table 9). However, there are indicationes that with completely filled com-
partments thai this may no longer be the case. For example, work carried out
at FRS (to be reported elsewhere), showed sigvificent differencses in explosion
pressures when different vent covering materials were used, particularly with
certral ignition.

Incressing the stoichiometric methane/air mixture layer depth gives an
increase ir explosible gas/air mixture volume with & corresponding increase in
explosicor pressures. The basic form of equation (1) has been found to hold

for this work. For example using the data in Tables 8 and 9, the ratio of
Pm{L}/ 7", where n = 0.9, for a given vent covering material and vent size,
predicts substartially the same Pm{F) , Using this equation it ie poseible
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to predict the maximum explosion pressures for a completely filled chamber

{ Pn(F) ), equipped with a K=4 vent and those vent covering materials reported
in Tables 8 and 9, to be between 14 and 20 kN m~2. Assuming it alsc applies
to K=2 vents covered by those materizals reported in Table 7, the expected maxi-
mum pressures ( Pm(F) ) will be between 8 and 11 kN m—2. These figures are in
agreement with subsequent FRS work (to be reported elsewhere), the higher
pressures being produced when the higher bursting pressure vent covering
materials were used.

From this work it is possible to conclude that rooms equipped with vents
that open between T and 11 kN m=2 and are not less than 25 per cent of the
area of one wall, should not suffer seriocus stiructural damage in the event of
a methane explosion. However, FRS has found indications that for completely
filled chambers, central ignition results in pressures about 1.5 times greater
than those expected using remote ignition.

Structural damage could therefore be expected with a K=g vent, although
providing the building was conetructed to withstand 35 kN m™ 13 , it is
unlikely that its collapse would result.

Glass windows zre often the only lightweight pressure relief vents to be
found in domestic and industrial buildings. It ig therefore on the ef-
ficiency of these in relieving explosion pressures that the likelihcod of the
building remaining substantially intact depends. Az glass by virtue of its presence
in buildings, will almost invariably fulfil a eecondary venting role, many
research workers have used it as a vent covering material in their studies of
the effect of gaseous explosione on building structures. The pressure at
which approximately square glass panes of & given thickness bresks is inverse-
ly proportional to its area, but because of manufacturing and mounting tole-
rances quite large variations, (in the order of * 35 per cent) can be expected.
The data scatter is shown in Figs 4 and 5 summarising the work of FRS and
other workers on the breaking pressure of glass when zubjected to a gaseous
deflagration.

Although the total glaszed arsas may be large, they are often composed of
individually mounted panes, which require correspondingly higher pressures to
break. The work reported here involved the use of three glass panes, the
middle one equal in area to the other twe, held in place by a wooden frame and
beading. In terms of the wvent factor K, the total areas were 2.5 and 5.0,
but it is more significant to guote the actual glass eimes (Table 10) as it
iz on these individual panes that P and alsc Pm for deep layers, depend.

For the particular glass configuration used (K=2.5) pressures were in the
order of 11 ki m“2, the shape of pressure pulse indicated in Fig €, showing
the effect of progressive venting on the pressure pulse. The expected maxi-
mum pregsure for a chamber completely filled with a stoichiometric methane/&ir
would be of the order 13 - 15 kIl m~2 and is unlikely to cause seriocus struc—
tural damage.

The glass configuration used for K=5 resulied in pressures betiween 20 and
27 ¥ m=2 {Fig 7) which would be sufficient to cause structural damage to
single and cavity brick walls. The maximum pressure to be expected in a
chamber completely filled with stoichiometric gas/air mixture could exceed
30 kN m2 and again it should be stressed that this is for ignition remcte
from the vent, central ignition elevating the pressurse by a factor of zabout 1.5,

It should be remembered that there is also a safety hazard with the glass
when it breaks as it produces many fragments, in our work travelling over S0 m
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from the chamber, and could cause, for example, severe facial injuries to
personnel.

Pv

Pm

CONCLUSIONS

The explosion pressures generated by ignition of buoyant layers of flam-
mable methane/air mixtures indicate that providing they are vented at
relatively low pressures in the order of T to 14 kKN m= and the area of
vent is sufficiently large ie about 25 per cent of the area of one wall,
the resultant maximum pressures should not cause substantial damage to
buildings.

Using the empirical relationship (equation 1) presented sbove to estimate
the maximun explesion pressure in a compartment filled with a gquiescent
homegeneous stoichiometric methane/air mixture alsc indicates that
structural damage should not be severe providing thai, when glased units
are used, they comprise at least 50 per cent the area of one wall.

The resulis presented in this paper, including the pressures at which
structural elements fail and breskage pressures of glass can be used to
sgtimate the explosion pressures at actual incidents. Clearly it is pos-
sible to obtain estimates within quite wide limits, but a skilful and
sensible approach, considering damage to a number of structural elements
and glase panes in different lecations will give a fairly accurate indi-
cation of maximum pressure,

STIBOLS USED
= pressure at which vents open (kN m‘2)
= second, after maximum, pressure peak (kN m_z)

= dimensionless wait, referring to layer depth in chamber
(max value 1.0)

e B depthe of layer
g ¥ height of chamber

= area of wall containing vent
area of vent

P external = maximum pressure at an external location (kN m_z}

-2
F internal = maximum pressure ingide the chamber (ki m }

Pe
L
Fr

v

= pressure at which centre glass pane bresks (kN m“el
= pressure at which left (to observer) glass pane breaks (kN m—2
= pressure at which right glass pane breaks (kN m'2]

= volume of compartment {m})
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TABLE 1 = Typical 104 Gas in Air (v/v) Input Rates for Differemt Layer Deptha

Layer Gas/'a:.r Gas/air Concn C.31 m Concn 0.61 m
depth input rate velocity below layer below layer
(m) (m3/s) (m/s) depta (%) depth (%)
0,31 4.7 x 103 1,9 x 10-3 6.3 SD 0.88 1.3 SD 0.34
T.64 9.4 x 10-3 1.7 x 10-3 5.5 3D 0.95 1.4 5D 0,41
0.91 1.4 x 1072 5.5 x 10-3 6.4 SD 1.13 1.7 SD 1.04
1.22 1.9 x 10-2 7.5 x 103 5.8 SD 0.28 1.1 SD 0.5
1,52 2.4 x 10~2 9.4 x 1073 7.5 8D 1.3 0.9%3D 0.5
1.83 2.8 x 1072 1.1 x 10-2 2.6%3D 1.4 o

B Theoretical fill time 12 min, actual fill time between 15 ard 18 min.

*The lower concentrations at these locations are due to the proximity
of the cutlet values

TABLE 2 — Bffect of position of sgingle spark ignition source on the explosion
pressures of a 1,2 m layer of 10 per cent methare/air in chamber

[€25)

Pv 3ig Pm ki
Ignition source location (x/me) (ma) (k1/m2) {ma)
0.5 H back of chamber 0.7 300 B3 500
0.25 H back cf chamber 1.0 280 Te6 480
0.5 H centre of chamber 0.7 200 G5 340
0.25 H ceatre of chamber 0.7 200 3.5 320
C H centre of chamber 0.7 260 2.5 320
0.5 H front of chamber NC 220 0.9 280
0.25 H frent of chamber D 220 0.5 270

WD = not determinable
F = dimensionless height of chambter (from roof)

TABLE 3 — Rffect of Methane concentration on pressures of a lsyer (L=0,5)
iznited by igniferous fuge (K=8)

Uethans/air Bv tv Pm tm
(%) (kx/m*=) (ms) (x¥/m?) (ms)
T 0.1 500 C.6 1000
10 0.4 270 5.5 400
13 0.1 700 C.9 1300
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TABIE 4 — Structural Damage due to Gas Explosions (§)

Structural Element Damaged Over Pressure (kN/m?)
19 mm thick Chipboard (held in place withnails) 3
blown out

19 mm thick Chipboard shatters

114 mm (4.5 in) Brick wall displaced 23
(restrained)

228 mm (9 in) Double Brick wall displaced >49
{restrained)

Room communication decr blown off hinges 3

NB TUnrestrained walls fail at between 30 to 40% lower pressures.
These are failure pressures for newly built brick walls,
where the mortar has not weathered.

TABIE 5 — Structural Damage due to Blast Waves (11)

Structural Element Damaged Over Pressure (kI/m?)
Glass windows About 7
Corrugated ashestos 7T -14
Corrugated sieel or aluminium 7 - 14

Up to 300 mm Concrete or Cinder Block walls 14 = 21

Up to 300 mm thick Brick Wall 49 - 56

114 mm Brick Wall with Cavity 35

TABLE 6 — Resonance Frequencies {Ha) of
Structural Element and Pressure Pulses

Concrete Floors 30 - 100 g

0.2 m thick corcrete walls 70 = 100 { (Ref 12)
Brick Walls 6C - 70 g

Kethane/air deflagration In order of 4 (a)

Blagt wave In order of 106 (Rer 11)

(2) Typical Value caleculated from experiment
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TABLE 7 - Pressures from layer (L = 0.63)
of 10% methane in air [“/v) K = 2

Vent material* Thickness Fv tv Fm tm
(mm) (x1/m) (ms) (ki/m2)  (ms)

P 0.13 1.7 220 £.6 500

P.T 0.13 6.6 280 6.2 510

P.T 0.05 5.7 250 10.9 490

J.M 0.75 6.3 280 5.0 490

TABLE & — Pressures from layer (L = 0.3§)
of 106 methane in air ('/v) K = 4

Vent Material#* Thicknese Pv v Pm tm
(mm) (kN /m2) (ms) (x2/m2) (ms)
One P film 0,13 1T 220 9.8 480
One P.T film 0.13 9.0 320 6.6 500
Two P.T films 0.13 T 300 7.0 480
Twe J.M sheets 0.79 Te5 290 13.0 480
0.40
TARIE @ — Pressures from layer (L = 0.5)
of 10% methane in air ("/v) K = &
Vent laterial* Thicknese PVE tv Pm P tm
{mm) (k1 /m*) (me) (kN /m) (ms)
One P film 0.13 1.9 220 10.% 480
One P,T film 0.13 7.6 280 10,1 470
Two P.T films 0.13 7.9 280 10.2 470

* P = polyethylene
P.T= polyethylene terephthalate

J.M= jointing material
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TABLE 10 — Pressures resulti from ignition of 2 1.8 m (1=0.75) deep layer
of stoichiometric methane/air mixture in chamber eguipped with

zlags windows (K=2.5 and 5.0)

Glazed Glass breakage pressure (kN/m<) Pm tm
area PR tr PL 1y, Pc tc (k¥/m2) (ms)
2vB X 12 m Ta2 310 11.0 340 8.3 320 .5 340
5 mm thick

(Fig.6)

25 x 1.2 m 3.9 234 id not break 10.1 438 11.0 450
3 mm thick

2,5x 0.6 m 21.6 STT 11.5 332 14.3 356 21.9 485
5 mm thick

(Fig.7)

2,5 0.6 m 15.5 553 12.4 510 8.6 320 22,1 612
3 mm thick

NB Right ard left window panes are half width of the centre pane

ACKNOWLEDGEMENT
This paper is Crown copyright. It forms part of the work of the Fire Research
Station, Building Research Estsblishment, Department of the Environment. It is

contxiliited by permission of the Director, Building Research Establishment.

302



I. CHEM. E. SYMPOSIUM SERIES NO. 58

13w tayer
i) W methane ‘noair mixtunil
Breoisper |

LU
D

e 3 1|
| |
2 |
: |
£V W0 1200 A0
Fagre 3 ne vatd BES OB cert g mixtire
|\ " B
¢

PA T 008
200 &00 oo oson wod/ eod reon

ons ignit-

Tffect of

303

ek

i peessore kR

Wge s m

i ot e B 03 04 05 06
Breportion of BET Tilind with Gap mix
desth of laser L1

explosion pressure
chumber { K = 8 )

Nk W Wt
o oy e o
|

Srpaking pressure — kN e

Tarea —1/me

Man e (16
*» Oregossy

Figure 4 Belationship of the
preszure of S mm thick gl=
panes and thelr

08 o8& 10
| meng Ly

in & vented

TG 20 30 4G 50 60 70 B0 80 00

breaking

aresa



I. CHEM. E. SYMPQOSIUM SERIES NO. 58

u
@

23t F

u}l E‘ﬂ
i

H
3
5
z
2
|
H
i
H
4
%
i

Eaploson press e — b8 2 ia gl
@

4t
Ay
g 'zﬁ(j'_aue 7 sbjz\"%nn Toiged T 1206 465
Time — Mg
. -J
2t
9520 o 4o Eo Ko 70 E0 90 10O
Vmrga —1fm
FRS data
® Private cormmumcatian O7)
= Asthury 16
< BGC NS
Manstone (161
® Deagosavic (121
: i . Figure & Pressure curve abtained with
Figure 5 Relationship between the g
i TE glazed vent. L = 0.75,
breaking pressure of 3 mm thick - 2.5
glazs panes and their area e
24,
22 R
26/ /

@@
—

&

8

Eaplosion pressure — kN m? ipauge)
[

4o " ebd  |Bp0 - 100D 1200 1400
Time = ms

Figure 7 Pressure curve obtained with
glazed vent. L = 0.75,
K=5

304



	INTRODUCTION 
	FEASIBILITY OF EXPLOSIBLE GAS MIXTURE LAYER FORMATION
	PRELIMINARY EXPERIMENTAL WORK
	EXPERIMENTAL WORK WITH HEAVIER VENT COVERING MATERIALS
	CONCLUSIONS
	SYKBOLS USED
	REFERENCES
	ACKNOWLEDGEMENT
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10



